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§417.417

the launch vehicle has a land or water
impact. These procedures must include
the following provisions:

(1) Evacuation and rescue of members
of the public, to include modeling the
dispersion and movement of toxic
plumes, identification of areas at risk,
and communication with local govern-
ment authorities;

(2) Extinguishing fires;

(3) Securing impact areas to ensure
that personnel and the public are evac-
uated, and ensure that no unauthorized
personnel or members of the public
enter, and to preserve evidence; and

(4) Ensuring public safety from haz-
ardous debris, such as plans for recov-
ery and salvage of launch vehicle de-
bris and safe disposal of hazardous ma-
terials.

§417.417 Propellants and explosives.

(a) A launch operator must comply
with the explosive safety criteria in
part 420 of this chapter.

(b) A launch operator must ensure
that:

(1) The explosive site plan satisfies
part 420 of this chapter;

(2) Only those explosive facilities and
launch points addressed in the explo-
sive site plan are used and only for
their intended purpose; and

(3) The total net explosive weight for
each explosive hazard facility and
launch point must not exceed the max-
imum net explosive weight limit indi-
cated on the explosive site plan for
each location.

(c) A launch operator must establish,
maintain, and perform procedures that
ensure public safety for the receipt,
storage, handling, inspection, test, and
disposal of explosives.

(d) A launch operator must establish
and maintain each procedural system
control to prevent inadvertent initi-
ation of propellants and explosives.
These controls must include the fol-
lowing:

(1) Protect ordnance systems from
stray energy through methods of bond-
ing, grounding, and shielding, and con-
trolling radio frequency radiation
sources in a radio frequency radiation
exclusion area. A launch operator must
determine the vulnerability of its
electro-explosive devices and systems
to radio frequency radiation and estab-
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lish radio frequency radiation power
limits or radio frequency radiation ex-
clusion areas as required by the launch
site operator or to ensure safety.

(2) Keep ordnance safety devices, as
required by §417.409, in place until the
launch complex is cleared as part of
the final launch countdown. No mem-
bers of the public may re-enter the
complex until each safety device is re-
established.

(3) Do not allow heat and spark or
flame producing devices in an explosive
or propellant facility without written
approval and oversight from a launch
operator’s safety organization.

(4) Do not allow static producing ma-
terials in close proximity to solid or
liquid propellants, electro-explosive de-
vices, or systems containing flammable
liquids.

(5) Use fire safety measures includ-
ing:

(i) Elimination or reduction of flam-
mable and combustible materials;

(ii) Elimination or reduction of igni-
tion sources;

(iii) Fire and smoke detection sys-
tems;

(iv) Safe means of egress; and

(v) Timely fire suppression response.

(6) Include lightning protection on
each facility used to store or process
explosives to prevent inadvertent initi-
ation of propellants and explosives due
to lightning unless the facility com-
plies with the lightning protection cri-
teria of §420.71 of this part.

(e) A launch operator, in the event of
an emergency, must perform the acci-
dent investigation plan as defined in
§417.111(h).

APPENDIX A TO PART 417—FLIGHT SAFE-
TY ANALYSIS METHODOLOGIES AND
PRODUCTS FOR A LAUNCH VEHICLE
FLOWN WITH A FLIGHT SAFETY SYS-
TEM

A417.1 SCOPE

The requirements of this appendix apply to
the methods for performing the flight safety
analysis required by §417.107(f) and subpart C
of this part. The methodologies contained in
this appendix provide an acceptable means of
satisfying the requirements of subpart C and
provide a standard and a measure of fidelity
against which the FAA will measure any
proposed alternative analysis approach. This
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appendix also identifies the analysis prod-
ucts that a launch operator must file with
the FAA as required by §417.203(e).

A417.3 APPLICABILITY

The requirements of this appendix apply to
a launch operator and the launch operator’s
flight safety analysis unless the launch oper-
ator clearly and convincingly demonstrates
that an alternative approach provides an
equivalent level of safety. If a Federal
launch range performs the launch operator’s
analysis, §417.203(d) applies. Section A417.33
applies to the flight of any unguided sub-
orbital launch vehicle that uses a wind-
weighting safety system. All other sections
of this appendix apply to the flight of any
launch vehicle required to use a flight safety
system as required by §417.107(a). For any al-
ternative flight safety system approved by
the FAA as required by §417.301(b), the FAA
will determine the applicability of this ap-
pendix during the licensing process.

A417.5 GENERAL

A launch operator’s flight safety analysis
must satisfy the requirements for public risk
management and the requirements for the
compatibility of the input and output of de-
pendent analyses of §417.205.

A417.7 TRAJECTORY

(a) General. A flight safety analysis must
include a trajectory analysis that satisfies
the requirements of §417.207. This section ap-
plies to the computation of each of the tra-
jectories required by §417.207 and to each tra-
jectory analysis product that a launch oper-
ator must file with the FAA as required by
§417.203(e).

(b) Wind standards. A trajectory analysis
must incorporate wind data in accordance
with the following:

(1) For each launch, a trajectory analysis
must produce “with-wind” launch vehicle
trajectories pursuant to paragraph (f)(6) of
this section and do so using composite wind
profiles for the month that the launch will
take place or composite wind profiles that
are as severe or more severe than the winds
for the month that the launch will take
place.

(2) A composite wind profile used for the
trajectory analysis must have a cumulative
percentile frequency that represents wind
conditions that are at least as severe as the
worst wind conditions under which flight
would be attempted for purposes of achieving
the launch operator’s mission. These worst
wind conditions must account for the launch
vehicle’s ability to operate normally in the
presence of wind and accommodate any
flight safety limit constraints.

(c) Nominal trajectory. A trajectory analysis
must produce a nominal trajectory that de-
scribes a launch vehicle’s flight path, posi-
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tion and velocity, where all vehicle aero-
dynamic parameters are as expected, all ve-
hicle internal and external systems perform
exactly as planned, and no external per-
turbing influences other than atmospheric
drag and gravity affect the launch vehicle.

(d) Dispersed trajectories. A trajectory anal-
ysis must produce the following dispersed
trajectories and describe the distribution of
a launch vehicle’s position and velocity as a
function of winds and performance error pa-
rameters in the uprange, downrange, left-
crossrange and right-crossrange directions.

(1) Three-sigma maximum and minimum per-
formance trajectories. A trajectory analysis
must produce a three-sigma maximum per-
formance trajectory that provides the max-
imum downrange distance of the instanta-
neous impact point for any given time after
lift-off. A trajectory analysis must produce a
three-sigma minimum performance trajec-
tory that provides the minimum downrange
distance of the instantaneous impact point
for any given time after lift-off. For any
time after lift-off, the instantaneous impact
point dispersion of a normally performing
launch vehicle must lie between the ex-
tremes achieved at that time after lift-off by
the three-sigma maximum and three-sigma
minimum performance trajectories. The
three-sigma maximum and minimum per-
formance trajectories must account for wind
and performance error parameter distribu-
tions as follows:

(i) For each three-sigma maximum and
minimum performance trajectory, the anal-
ysis must use composite head wind and com-
posite tail wind profiles that represent the
worst wind conditions under which a launch
would be attempted as required by paragraph
(b) of this section.

(ii) Each three-sigma maximum and min-
imum performance trajectory must account
for all launch vehicle performance error pa-
rameters identified as required by paragraph
(£)(1) of this section that have an effect upon
instantaneous impact point range.

(2) Three-sigma left and right lateral trajec-
tories. A trajectory analysis must produce a
three-sigma left lateral trajectory that pro-
vides the maximum left crossrange distance
of the instantaneous impact point for any
time after lift-off. A trajectory analysis
must produce a three-sigma right lateral tra-
jectory that provides the maximum right
crossrange distance of the instantaneous im-
pact point for any time after lift-off. For any
time after lift-off, the instantaneous impact
point dispersion of a normally performing
launch vehicle must lie between the ex-
tremes achieved at that time after liftoff by
the three-sigma left lateral and three-sigma
right lateral performance trajectories. The
three-sigma lateral performance trajectories
must account for wind and performance
error parameter distributions as follows:
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(i) In producing each left and right lateral
trajectory, the analysis must use composite
left and composite right lateral-wind profiles
that represent the worst wind conditions
under which a launch would be attempted as
required by paragraph (b) of this section.

(ii) The three-sigma left and right lateral
trajectories must account for all launch ve-
hicle performance error parameters identi-
fied as required by paragraph (f)(1) of this
section that have an effect on the lateral de-
viation of the instantaneous impact point.

(3) Fuel-erhaustion trajectory. A trajectory
analysis must produce a fuel-exhaustion tra-
jectory for the launch of any launch vehicle
with a final suborbital stage that will termi-
nate thrust nominally without burning to
fuel exhaustion. The analysis must produce
the trajectory that would occur if the
planned thrust termination of the final sub-
orbital stage did not occur. The analysis
must produce a fuel-exhaustion trajectory
that extends either the nominal trajectory
taken through fuel exhaustion of the last
suborbital stage or the three-sigma max-
imum trajectory taken through fuel exhaus-
tion of the last suborbital stage, whichever
produces an instantaneous impact point with
the greatest range for any time after liftoff.

(e) Straight-up trajectory. A trajectory anal-
ysis must produce a straight-up trajectory
that begins at the planned time of ignition,
and that simulates a malfunction that
causes the launch vehicle to fly in a vertical
or near vertical direction above the launch
point. A straight-up trajectory must last no
less than the sum of the straight-up time de-
termined as required by section A417.15 plus
the duration of a potential malfunction turn
determined as required by section
A417.9(b)(2).

(f) Analysis process and computations. A tra-
jectory analysis must produce each three-
sigma trajectory required by this appendix
using a six-degree-of-freedom trajectory
model and an analysis method, such as root
sum-square or Monte Carlo, that accounts
for all individual launch vehicle performance
error parameters that contribute to the dis-
persion of the launch vehicle’s instantaneous
impact point.

(1) A trajectory analysis must identify all
launch vehicle performance error parameters
and each parameter’s distribution to account
for all launch vehicle performance variations
and any external forces that can cause off-
sets from the nominal trajectory during nor-
mal flight. A trajectory analysis must ac-
count for, but need not be limited to, the fol-
lowing performance error parameters:

(i) Thrust;

(ii) Thrust misalignment;

(iii) Specific impulse;

(iv) Weight;

(v) Variation in firing times of the stages;

(vi) Fuel flow rates;
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(vii) Contributions from the guidance,
navigation, and control systems;

(ix) Steering misalignment; and

(x) Winds.

(2) Each three-sigma trajectory must ac-
count for the effects of wind from liftoff
through the point in flight where the launch
vehicle attains an altitude where wind no
longer affects the launch vehicle.

(g) Trajectory analysis products. The prod-
ucts of a trajectory analysis that a launch
operator must file with the FAA include the
following:

(1) Assumptions and procedures. A descrip-
tion of all assumptions, procedures and mod-
els, including the six-degrees-of-freedom
model, used in deriving each trajectory.

(2) Three-sigma launch vehicle performance
error parameters. A description of each three-
sigma performance error parameter ac-
counted for by the trajectory analysis and a
description of each parameter’s distribution
determined as required by paragraph (f)(1) of
this section.

(3) Wind profile. A graph and tabular listing
of each wind profile used in performing the
trajectory analysis as required by paragraph
(b)(1) of this section and the worst case
winds required by paragraph (b)(2) of this
section. The graph and tabular wind data
must provide wind magnitude and direction
as a function of altitude for the air space re-
gions from the Earth’s surface to 100,000 feet
in altitude for the area intersected by the
launch vehicle trajectory. Altitude intervals
must not exceed 5000 feet.

(4) Launch azimuth. The azimuthal direc-
tion of the trajectory’s »’X-axis’ at liftoff
measured clockwise in degrees from true
north.

(5) Launch point. Identification and loca-
tion of the proposed launch point, including
its name, geodetic latitude, geodetic lon-
gitude, and geodetic height.

(6) Reference ellipsoid. The name of the ref-
erence ellipsoid used by the trajectory anal-
ysis to approximate the average curvature of
the Earth and the following information
about the model:

(i) Length of semi-major axis;

(ii) Length of semi-minor axis;

(iii) Flattening parameter;

(iv) Eccentricity;

(v) Gravitational parameter;

(vi) Angular velocity of the Earth at the
equator; and

(vii) If the reference ellipsoid is not a
WGS-84 ellipsoidal Earth model, the equa-
tions that convert the filed ellipsoid infor-
mation to the WGS-84 ellipsoid.

(7)) Temporal trajectory items. A launch oper-
ator must provide the following temporal
trajectory data for time intervals not in ex-
cess of one second and for the discrete time
points that correspond to each jettison, igni-
tion, burnout, and thrust termination of
each stage. If any stage burn time lasts less
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than four seconds, the time intervals must
not exceed 0.2 seconds. The launch operator
must provide the temporal trajectory data
from launch up to a point in flight when ef-
fective thrust of the final stage terminates,
or to thrust termination of the stage or burn
that places the vehicle in orbit. For an
unguided sub-orbital launch vehicle flown
with a flight safety system, the launch oper-
ator must provide these data for each nomi-
nal quadrant launcher elevation angle and
payload weight. The launch operator must
provide these data on paper in text format
and electronically in ASCII text, space de-
limited format. The launch operator must
provide an electronic ‘‘read-me’ file that
identifies the data and their units of meas-
ure in the individual disk files.

(i) Trajectory time-after-liftoff. A launch op-
erator must provide trajectory time-after
liftoff measured from first motion of the
first thrusting stage of the launch vehicle.
The tabulated data must identify the first
motion time as T-0 and as the 0.0” time
point on the trajectory.

(ii) Launch wvehicle direction cosines. A
launch operator must provide the direction
cosines of the roll axis, pitch axis, and yaw
axis of the launch vehicle. The roll axis is a
line identical to the launch vehicle’s longitu-
dinal axis with its origin at the nominal cen-
ter of gravity positive towards the vehicle
nose. The roll plane is normal to the roll axis
at the vehicle’s nominal center of gravity.
The yaw axis and the pitch axis are any two
orthogonal axes lying in the roll plane. The
launch operator must provide roll, pitch and
yvaw axes of right-handed systems so that,
when looking along the roll axis toward the
nose, a clockwise rotation around the roll
axis will send the pitch axis toward the yaw
axis. The right-handed system must be ori-
ented so that the yaw axis is positive in the
downrange direction while in the vertical po-
sition (roll axis upward from surface) or posi-
tive at an angle of 180 degrees to the
downrange direction. The axis may be re-
lated to the vehicle’s normal orientation
with respect to the vehicle’s trajectory but,
once defined, remain fixed with respect to
the vehicle’s body. The launch operator must
indicate the positive direction of the yaw
axis chosen. The analysis products must
present the direction cosines using the EFG
reference system described in paragraph
(2)(T)(iv) of this section.

(il) X, Y, Z, XD, YD, ZD trajectory coordi-
nates. A launch operator must provide the
launch vehicle position coordinates (X, Y, Z)
and velocity magnitudes (XD, YD, ZD) ref-
erenced to an orthogonal, Earth-fixed, right-
handed coordinate system. The XY plane
must be tangent to the ellipsoidal Earth at
the origin, which must coincide with the
launch point. The positive X-axis must coin-
cide with the launch azimuth. The positive
Z-axis must be directed away from the ellip-
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soidal Earth. The Y-axis must be positive to
the left looking downrange.

(iv) E, F, G, ED, FD, GD trajectory coordi-
nates. A launch operator must provide the
launch vehicle position coordinates (E, F, G)
and velocity magnitudes (ED, FD, GD) ref-
erenced to an orthogonal, Earth fixed, Earth
centered, right-handed coordinate system.
The origin of the EFG system must be at the
center of the reference ellipsoid. The E and F
axes must lie in the plane of the equator and
the G-axis coincides with the rotational axis
of the Earth. The E-axis must be positive
through 0° East longitude (Greenwich Merid-
ian), the F-axis positive through 90’ East lon-
gitude, and the G-axis positive through the
North Pole. This system must be non-iner-
tial and rotate with the Earth.

(V) Resultant Earth-fired velocity. A launch
operator must provide the square root of the
sum of the squares of the XD, YD, and ZD
components of the trajectory state vector.

(vi) Path angle of velocity vector. A launch
operator must provide the angle between the
local horizontal plane and the velocity vec-
tor measured positive upward from the local
horizontal. The local horizontal must be a
plane tangent to the ellipsoidal Earth at the
sub-vehicle point.

(vii) Sub-vehicle point. A launch operator
must provide sub-vehicle point coordinates
that include present position geodetic lati-
tude and present position longitude. These
coordinates must be at each trajectory time
on the surface of the ellipsoidal Earth model
and located at the intersection of the line
normal to the ellipsoid and passing through
the launch vehicle center of gravity.

(viii) Altitude. A launch operator must pro-
vide the distance from the sub-vehicle point
to the launch vehicle’s center of gravity.

(ix) Present position arc-range. A launch op-
erator must provide the distance measured
along the surface of the reference ellipsoid,
from the launch point to the sub-vehicle
point.

(x) Total weight. A launch operator must
provide the sum of the inert and propellant
weights for each time point on the trajec-
tory.

(xi) Total vacuum thrust. A launch operator
must provide the total vacuum thrust for
each time point on the trajectory.

(xii) Instantaneous impact point data. A
launch operator must provide instantaneous
impact point geodetic latitude, instanta-
neous impact point longitude, instantaneous
impact point arc-range, and time to instan-
taneous impact. The instantaneous impact
point arc-range must consist of the distance,
measured along the surface of the reference
ellipsoid, from the launch point to the in-
stantaneous impact point. For each point on
the trajectory, the time to instantaneous
impact must consist of the vacuum flight
time remaining until impact if all thrust
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were terminated at the time point on the
trajectory.

(xiii) Normal trajectory distribution. A
launch operator must provide a description
of the distribution of the dispersed trajec-
tories required under paragraph (d) of this
section, such as the elements of covariance
matrices for the launch vehicle position co-
ordinates and velocity component mag-
nitudes.

A417.9 MALFUNCTION TURN

(a) General. A flight safety analysis must
include a malfunction turn analysis that sat-
isfies the requirements of §417.209. This sec-
tion applies to the computation of the mal-
function turns and the production of turn
data required by §417.209 and to the malfunc-
tion turn analysis products that a launch op-
erator must file with the FAA as required by
§417.203(e).

(b) Malfunction turn analysis constraints.
The following constraints apply to a mal-
function turn analysis:

(1) The analysis must produce malfunction
turns that start at a given malfunction start
time. The turn must last no less than 12 sec-
onds. These duration limits apply regardless
of whether or not the vehicle would breakup
or tumble before the prescribed duration of
the turn.

(2) A malfunction turn analysis must ac-
count for the thrusting periods of flight
along a nominal trajectory beginning at first
motion until thrust termination of the final
thrusting stage or until the launch vehicle
achieves orbit, whichever occurs first.

(3) A malfunction turn must consist of a
90-degree turn or a turn in both the pitch and
yvaw planes that would produce the largest
deviation from the nominal instantaneous
impact point of which the launch vehicle is
capable at any time during the malfunction
turn as required by paragraph (d) of this sec-
tion.

(4) The first malfunction turn must start
at liftoff. The analysis must account for sub-
sequent malfunction turns initiated at reg-
ular nominal trajectory time intervals not
to exceed four seconds.

() A malfunction turn analysis must
produce malfunction turn data for time in-
tervals of no less than one second over the
duration of each malfunction turn.

(6) The analysis must assume that the
launch vehicle performance is nominal up to
the point of the malfunction that produces
the turn.

(7 A malfunction turn analysis must not
account for the effects of gravity.

(8) A malfunction turn analysis must en-
sure the tumble turn envelope curve main-
tains a positive slope throughout the mal-
function turn duration as illustrated in fig-
ure A417.9-1. When calculating a tumble turn
for an aerodynamically unstable launch ve-
hicle, in the high aerodynamic region it
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often turns out that no matter how small the
initial deflection of the rocket engine, the
airframe tumbles through 180 degrees, or
one-half cycle, in less time than the required
turn duration period. In such a case, the
analysis must use a 90-degree turn as the
malfunction turn.

(c) Failure modes. A malfunction turn anal-
ysis must account for the significant failure
modes that result in a thrust vector offset
from the nominal state. If a malfunction
turn at a malfunction start time can occur
as a function of more than one failure mode,
the analysis must account for the failure
mode that causes the most rapid and largest
launch vehicle instantaneous impact point
deviation.

(d) Type of malfunction turn. A malfunction
turn analysis must establish the maximum
turning capability of a launch vehicle’s ve-
locity vector during each malfunction turn
by accounting for a 90-degree turn to esti-
mate the vehicle’s turning capability or by
accounting for trim turns and tumble turns
in both the pitch and yaw planes to establish
the vehicle’s turning capability. When estab-
lishing the turning capability of a launch ve-
hicle’s velocity vector, the analysis must ac-
count for each turn as follows:

(1) 90-degree turn. A 90-degree turn must
constitute a turn produced at the malfunc-
tion start time by instantaneously re-direct-
ing and maintaining the vehicle’s thrust at
90 degrees to the velocity vector, without re-
gard for how this situation can be brought
about.

(2) Pitch turn. A pitch turn must constitute
the angle turned by the launch vehicle’s
total velocity vector in the pitch-plane. The
velocity vector’s pitch-plane must be the two
dimensional surface that includes the launch
vehicle’s yaw-axis and the launch vehicle’s
roll-axis.

3) Yaw turn. A yaw turn must constitute
the angle turned by the launch vehicle’s
total velocity vector in the lateral plane.
The velocity vector’s lateral plane must be
the two dimensional surface that includes
the launch vehicle’s pitch axis and the
launch vehicle’s total velocity.

(4) Trim turn. A trim turn must constitute
a turn where a launch vehicle’s thrust mo-
ment balances the aerodynamic moment
while a constant rotation rate is imparted to
the launch vehicle’s longitudinal axis. The
analysis must account for a maximum-rate
trim turn made at or near the greatest angle
of attack that can be maintained while the
aerodynamic moment is balanced by the
thrust moment, whether the vehicle is stable
or unstable.

(5) Tumble turn. A tumble turn must con-
stitute a turn that results if the launch vehi-
cle’s airframe rotates in an uncontrolled
fashion, at an angular rate that is brought
about by a thrust vector offset angle, and if
the offset angle is held constant throughout
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the turn. The analysis must account for a se-
ries of tumble turns, each turn with a dif-
ferent thrust vector offset angle, that are
plotted on the same graph for each malfunc-
tion start time.

(6) Turn envelope. A turn envelope must
constitute a curve on a tumble turn graph
that has tangent points to each individual
tumble turn curve computed for each mal-
function start time. The curve must enve-
lope the actual tumble turn curves to predict
tumble turn angles for each area between the
calculated turn curves. Figure A417.9-1 de-
picts a series of tumble turn curves and the
tumble turn envelope curve.

(T Malfunction turn capabilities. When not
using a 90-degree turn, a malfunction turn
analysis must establish the launch vehicle
maximum turning capability as required by
the following malfunction turn constraints:

(i) Launch vehicle stable at all angles of at-
tack. If a launch vehicle is so stable that the
maximum thrust moment that the vehicle
could experience cannot produce tumbling,
but produces a maximum-rate trim turn at
some angle of attack less than 90 degrees,
the analysis must produce a series of trim
turns, including the maximum-rate trim
turn, by varying the initial thrust vector off-
set at the beginning of the turn. If the max-
imum thrust moment results in a maximum-
rate trim turn at some angle of attack great-
er than 90 degrees, the analysis must produce
a series of trim turns for angles of attack up
to and including 90 degrees.

(ii) Launch vehicle aerodynamically unstable
at all angles of attack. If flying a trim turn is
not possible even for a period of only a few
seconds, the malfunction turn analysis need
only establish tumble turns. Otherwise, the
malfunction turn analysis must establish a
series of trim turns, including the maximum-
rate trim turn, and the family of tumble
turns.

(iil) Launch vehicle unstable at low angles of
attack but stable at some higher angles of at-
tack. If large engine deflections result in
tumbling, and small engine deflections do
not, the analysis must produce a series of
trim and tumble turns as required by para-
graph (d)(7)(ii) of this section for launch ve-
hicles aerodynamically unstable at all an-
gles of attack. If both large and small con-
stant engine deflections result in tumbling,
regardless of how small the deflection might
be, the analysis must account for the mal-
function turn capabilities achieved at the
stability angle of attack, assuming no upset-
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ting thrust moment, and must account for
the turns achieved by a tumbling vehicle.

(e) Malfunction turn analysis products. The
products of a malfunction turn analysis that
a launch operator must file with the FAA in-
clude:

(1) A description of the assumptions, tech-
niques, and equations used in deriving the
malfunction turns.

(2) A set of sample calculations for at least
one flight hazard area malfunction start
time and one downrange malfunction start
time. The sample computation for the
downrange malfunction must start at a time
at least 50 seconds after the flight hazard
area malfunction start time or at the time of
nominal thrust termination of the final
stage minus the malfunction turn duration.

(3) A launch operator must file malfunc-
tion turn data in electronic tabular and
graphic formats. The graphs must use scale
factors such that the plotting and reading
accuracy do not degrade the accuracy of the
data. For each malfunction turn start time,
a graph must use the same time scales for
the malfunction velocity vector turn angle
and malfunction velocity magnitude plot
pairs. A launch operator must provide tab-
ular listings of the data used to generate the
graphs in digital ASCII file format. A launch
operator must file the data items required in
this paragraph for each malfunction start
time and for time intervals that do not ex-
ceed one second for the duration of each mal-
function turn.

(i) Velocity turn angle graphs. A launch op-
erator must file a velocity turn angle graph
for each malfunction start time. For each ve-
locity turn angle graph, the ordinate axis
must represent the total angle turned by the
velocity vector, and the abscissa axis must
represent the time duration of the turn and
must show increments not to exceed one sec-
ond. The series of tumble turns must include
the envelope of all tumble turn curves. The
tumble turn envelope must represent the
tumble turn capability for all possible con-
stant thrust vector offset angles. Each tum-
ble turn curve selected to define the enve-
lope must appear on the same graph as the
envelope. A launch operator must file a se-
ries of trim turn curves for representative
values of thrust vector offset. The series of
trim turn curves must include the maximum
rate trim turn. Figure A417.9-1 depicts an ex-
ample family of tumble turn curves and the
tumble turn velocity vector envelope.
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Figure A417.9-1, Example Tumble Turn Velocity Vector Turn Angle Graph.

(ii) Velocity magnitude graphs. A launch op-
erator must file a velocity magnitude graph
for each malfunction start time. For each
malfunction velocity magnitude graph, the
ordinate axis must represent the magnitude
of the velocity vector and the abscissa axis
must represent the time duration of the
turn. Each graph must show the abscissa di-
vided into increments not to exceed one sec-
ond. Each graph must show the total veloc-
ity magnitude plotted as a function of time
starting with the malfunction start time for
each thrust vector offset used to define the
corresponding velocity turn-angle curve. A
launch operator must provide a cor-
responding velocity magnitude curve for
each velocity tumble turn angle curve and
each velocity trim-turn angle curve. For

each individual tumble turn curve selected
to define the tumble turn envelope, the cor-
responding velocity magnitude graph must
show the individual tumble turn curve’s
point of tangency to the envelope. The point
of tangency must consist of the point where
the tumble turn envelope is tangent to an in-
dividual tumble turn curve produced with a
discrete thrust vector offset angle. A launch
operator must transpose the points of tan-
gency to the velocity magnitude curves by
plotting a point on the velocity magnitude
curve at the same time point where tangency
occurs on the corresponding velocity tumble-
turn angle curve. Figure A417.9-2 depicts an
example tumble turn velocity magnitude
curve.
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Figure A417.9-2, Hllustrative Tumble Turn Velocity Magnitude Graph.

(iii) Vehicle orientation. The launch oper-
ator must file tabular or graphical data for
the vehicle orientation in the form of roll,
pitch, and